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MSC TRILINeAGE DIFFERENTIATION

policy

Mesenchymal stromal cells (MSC) are characterised by multilineage differentiation capacity. Manufactured MSC products must demonstrate trilineage differentiation capability.

Purpose

To demonstrate trilineage differentiation capability, under appropriate stimuli, of MSC products for clinical application.

sample

Differentiation capability is determined for each donor on a representative sample of MSC product. 

equipment

· 12 well flat bottom plate

· microscope with camera attached

materials

· MSC media 
· PBS

· Neutral buffered 4% formalin.

· Neutral buffered 10% formalin 

· Prepare 10 mL of media for differentiation at the time of use. 

· Reagents for chondrogenic differentiation

Transforming growth factor Beta (TGF-β) (10 ng/mL)

Insulin (6.25µg/mL)

L-ascorbic acid-2-phosphate (0.05mM)

Alcian Blue 1% w/v in 0.1M HCl

· Reagents for osteogenic differentiation

Dexamethasone (0.1mM)

L-ascorbic acid-2-phosphate (0.05mM)

Sodium Beta glycerophosphate (10mM)

Silver nitrate 5%

Sodium thiosulfate 5%

Sodium carbonate 5% in 25% formalin 

· Reagents for adipogenic differentiation

Dexamethasone (1µM)

Insulin (5µg/mL)

Isobutylmethylxanthine (0.5mM)

Indomethacin (50µM)

Oil Red O 0.3% w/v in 99% isopropanol diluted 3:2 with PBS

reagent preparation
Chondrogenic Differentiation
Media for chondrogenic differentiation needs to be made up fresh at time of feeding. Chondrogenic differentiation media is made to a volume of 10mL at a time.

· Transforming growth factor-β

Required: 10 ng/mL

Form: Powder 

1. Resuspend 5µg in 1mL PBS+BSA/Citric acid*. This gives the stock solution of 5µg/mL.

2. Distribute into 20µL aliquots. Store frozen at ≤ -20°C.

3. To make the final solution, add the 20 µL aliquot to 10mL MSC media

* TGF-β powder is to be reconstituted in 10mM citric acid and then diluted in buffer containing BSA, for long-term storage at -20°C, i.e. 100 µL of 10mM citric acid should be added to 5µg of TGF-β powder and then diluted with 900µL PBS containing 1% BSA.

· Insulin

Required: 6.25µg/mL

Form: 100IU = 4550µg/mL

From the stock solution, add 13µL to the MSC media/TGF-β solution described above.

· L-ascorbic acid-2-phosphate

Required: 0.05mM

Form: Powder

Molecular Weight: 322

1. Resuspend 16 mg in 1mL PBS. This gives a stock solution of 50mM

2. Distribute into an appropriate number of 10µL aliquots. Store frozen at ≤ -20°C

3. For the final concentration, add a 1µL aliquot to the MSC media/insulin and TGF-β solution described above.

Osteogenic Differentiation

Media for osteogenic differentiation needs to be made fresh at time of feeding. Osteogenic differentiation media is made to a volume of 10mL at a time. 

· Sodium Beta Glycerophosphate

Required: 10mM 

Form: Powder 

Molecular Weight: 315

1. Resuspend 0.315g in 10mL PBS. This gives a stock solution of 100mM

2. Distribute into 1mL aliquots. Store frozen at ≤ -20°C

3. To make the final solution, add the 1mL aliquot to 9mL MSC media

· L-ascorbic acid-2-phosphate

Required: 0.05mM 

Form: Powder 
Molecular weight: 322

1. Resuspend 16 mg in 1mL PBS. This gives a stock solution of 50mM

2. Distribute into an appropriate number of 10µL aliquots. Store frozen at ≤ -20°C

3. For the final concentration, add a 10µL aliquot to the MSC media/Sodium Beta Glycerophosphate solution described above.

· Dexamethasone 

Required: 0.1mM 

Form: 4g/L solution

Molecular Weight: 516
1. Dilute 13µL of dexamethasone into 1mL PBS. This gives a stock solution of 100µM. Store at 4°C.

2. For the final concentration, add 10µL from the stock solution to the MSC media/Sodium Beta Glycerophosphate/Ascorbic acid-2-phosphate solution described above.

NOTE: The above instructions are an approximate guide. Minor variations in the molar concentrations of compounds may not affect the differentiation of the cells. However, it is important to keep the preparations consistent for a given cell culture.

Adipogenic Differentiation

Media for adipogenic differentiation needs to be made up fresh at time of feeding. Adipogenic differentiation media is made to a volume of 10mL at a time.
· Dexamethasone
Required: 1µM

Form: 4g/L solution 

Molecular weight: 516

Dexamethasone can be used undiluted. From this solution add 1.3µL to 10mL MSC media. 

· Insulin

Required: 5µg/mL

Form: 100IU = 4550µg/mL

Add 10µL to the MSC media/Dexamethasone solution described above.

· Isobutylmethylxanthine

Required: 0.5mM

Form: Powder

Molecular weight: 222

1. Resuspend 111mg of isobutylmethylxanthine in 1mL DMSO. This gives a stock solution of 0.5M.

2. Distribute into 10µL aliquots. Store frozen at ≤ -20°C.

3. To make the final solution, add the 10µL aliquot to the solution described above

· Indomethacin

Required: 50µM

Form: Powder

Molecular weight: 359

1. Resuspend 17.95mg in 1mL DMSO. This gives a stock solution of 50mM.

2. Distribute into aliquots of 10µL. Store frozen at ≤ -20°C.

3. To make the final solution, add the 10 µL aliquot to the solution described above.

CHONDROGENIC DIFFERENTIATION

Differentiation Stimulation 

1. Using a 12 well flat bottom plate, perform in triplicate with matched controls, or at minimum, duplicate. 

2. Pipette a cell suspension of 8x104 cells in 10µL MSC media into each well. 

3. Incubate to allow cells to adhere, for up to 3 hours. 

4. When the cells have adhered, gently add 1mL MSC media from the edge of the well. 
5. Incubate cells for 3 days or until the concentrated cell mass is well established. 

6. When cells are established, replace media in the control wells with 1 mL of fresh MSC media per well. 

7. Prepare differentiation media immediately prior to use. Add 13µL insulin, 20µL TGF-β and 10µL L-ascorbic acid-2-phosphate to 10mL MSC media.

8. Replace media in each test well with 1mL differentiation media. 

9. Repeat incubation and media replacement steps 2x per week, for up to 14 days or upon visually determining differentiated MSC.

10. Confirm differentiation by staining with Alcian Blue.

Alcian Blue staining 

1. Remove all media and wash cells 2x with PBS

2. Fix cells in neutral buffered 4% formalin for 15 minutes 

3. Wash cells 2x with PBS

4. Stain cells with 1% Alcian Blue w/v in 0.1 HCl for 30 minutes 

5. Wash 3x with PBS

6. Document results with photographs

Osteogenic Differentiation

Differentiation Stimulation 

1. Using a 12 well flat bottom plate seed with 3x104  cells in 1mL (i.e. 3x104 /mL MSC per well).
2. Perform in triplicate with matched controls, or at minimum, duplicate. 

3. Incubate cells for 3 days or until 50% confluent. 

4. When cells are 50% confluent, replace media in control wells with 1mL of fresh MSC media per well.

5. Prepare differentiation media immediately prior to use. Add 10µL dexamethasone, 10µL L-ascorbic acid-2-phosphate and 1mL beta glycerophosphate to 9mL MSC media.

6. Replace media in each test well with 1mL differentiation media. 

7. Repeat incubation and media replacement steps 2x per week, for 21 to 30 days or upon visually determining calcium deposition in differentiated MSC.

8. Confirm differentiation by staining using the Von Kossa method. 

Von Kossa staining 

All reagents should be made fresh for staining. Where percent (%) is indicated, make w/v (except formalin). 

1. Remove media and wash cells with ddH2O 2x

2. Fix in neutral buffered 10% formalin for 15 minutes

3. Wash 3x with ddH2O

4. Stain with 5% silver nitrate for 30 minutes (volume not critical)

5. Wash 3x with ddH2O

6. Develop stain by washing cells in 5% sodium carbonate in 25% formalin for 5 minutes

7. Wash 3x in ddH2O

8. Fix in 5% sodium thiosulfate for 5 minutes

9. Wash 3x in ddH2O

10. Document results with photographs

Adipogenic Differentiation

Differentiation Stimulation

1. Using a 12 well flat bottom plate seed with 3x104 cells in 1mL (i.e. 3x104 /mL MSC per well). 

2. Perform in triplicate with matched controls, or at minimum, duplicate. 

3. Incubate cells for 3 days or until 50% confluent.
4. When cells are 50% confluent, replace media in control wells with 1mL of fresh MSC media per well.

5. Prepare differentiation media immediately prior to use. Add 1.3µL dexamethasone, 10µL insulin, and 10µL isobutylmethylxanthine and 10µL indomethacin to 10mL MSC media.

9. Replace media in each test well with 1mL differentiation media. 

6. Repeat incubation and media replacement steps 2x per week, for up to 14 days or upon visually determining lipid vacuoles in differentiated MSC.
7. Confirm differentiation visually and document with photographs. 

8. Follow-up confirmation by staining with Oil Red O. 
Oil Red O staining 

1. Remove media and wash cells with PBS 2x

2. Fix in neutral buffered 4% formalin for 15 minutes

3. Wash 3x with ddH2O

4. Stain with stock oil red O in PBS (3:2) for 30 minutes

5. Wash 3x with PBS

6. Document results with photographs

records

1. Record the differentiation processes on the MSC Differentiation Form and attach photographs. 
2. Store the completed form in the Donor File. 
form

MSC Differentiation Form FORM140
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